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with other cats. Finally, cats need to 
read and understand human behaviour 
better (which is where dogs have really 
excelled). Bradshaw argues that early 
socialisation and training can help 
achieve some of these goals, but that 
we should also consider selective 
breeding of behaviour. Controversially, 
the author is suggesting that 
widespread neutering in the UK be 
relaxed, arguing that the practice 
actually selects against the above 
wish list by allowing the genes of feral 
cats to dominate future generations. 
One thing bothers me with this line of 
reasoning. Do we know enough about 
the evolution of the cat to attempt 
influencing its direction from this point 
onwards? Maybe, but I suspect other 
readers will also need convincing.
Cat Sense is an enjoyable read and 
I like that it poses as many questions 
as it answers. In comparison to dogs, 
cats are fairly useless pets and their 
presence in our hearts and homes 
seems rather odd from an evolutionary 
perspective. However, there is lots of 
work to do if we want to make firm 
conclusions about cat cognition and 
behaviour and the extent to which this 
has been influenced by domestication. 
One nagging problem with this 
endeavour, of course, is that scientists 
have made more headway answering 
these questions in domestic dogs 
precisely because working with dogs 
in behavioural experiments is much, 
much easier. Partly this is because cats 
are constrained by their territories and 
unsettled by transport to university 
research centres, but it could also be 
because cats are less rewarded by 
human interaction. Now, the challenge 
set by Cat Sense is for scientists to 
circumvent these problems and start 
to really understand why we let cats 
become such ubiquitous members of 
our households.
References
 1.  Hare, B., and Woods, V. (2013). The Genius of 
Dogs, (London: Oneworld Publications).
 2.  Kaminski, J., and Marshall-Pescini, S. (2014). 
The Social Dog: Behaviour and Cognition, 
(London: Academic Press).
 3.  Scheider, L., Grassmann, S., Kaminski, J., 
and Tomasello, M. (2011). Domestic dogs use 
contextual information and tone of voice when 
following a human pointing gesture. PLoS One 
6, e21676.
 4.  McComb, K., Taylor, A.M., Wilson, C., and 
Charlton, B.D. (2009). The cry embedded within 
the purr. Curr. Biol. 19, R507–R508.
Centre for Comparative and Evolutionary 
Psychology, Department of Psychology, 
University of Portsmouth, UK. 
E-mail: bridget.waller@port.ac.uk
Quick guide
Beaked whales
Peter T. Madsen1,*,  
Natacha Aguilar de Soto2,  
Peter L. Tyack3, and Mark Johnson3 
What is a beaked whale? The 
beaked whales (Ziphiidae) belong 
to a little known cetacean family 
of more than 22 species that range 
in size from 3 meters and a few 
hundred kilograms to more than 10 
meters and 12 tonnes. Even though 
beaked whales all belong to the 
suborder ‘toothed whales’, most 
species, ironically, have few if any 
erupted teeth, and those serve as 
tusks in male–male interactions 
rather than for foraging. Despite few 
geographical boundaries in their 
deep ocean habitat, superficially 
similar but genetically distinct 
species of beaked whales share 
what appear to be similar foraging 
niches. Beaked whales routinely 
dive deeper than 1 km for an hour or 
more, and surface for such a short 
time that they are very difficult to 
sight (Figure 1). This cryptic lifestyle 
has, until recently, left us with very 
little information about some of the 
world’s biggest predators beyond 
what can be gathered from stranded 
specimens. This second largest 
family of toothed whales is so 
little known that two new species, 
Perrin’s beaked whale and the 
pygmy beaked whale, have been 
identified in the last 25 years, and a 
few more beaked whale species may 
be awaiting discovery. It is thought-
provoking that there are possibly 
elephant-sized mammalian predators 
still roaming the world’s oceans that 
science has not yet even named. 
However, after many years of being 
a largely overlooked zoological 
oddity, beaked whales have recently 
received substantial public attention 
after a series of mass-strandings 
caused by mid-frequency naval 
sonars.
Why do beaked whales dive so 
deep? The need to understand why 
beaked whales may respond so 
strongly to navy sonar has prompted 
the development of techniques 
to study these elusive predators 
of the high seas. Deployments of 
electronic tags have revealed the 
underwater behavior of bottlenose, 
Blainville’s and Cuvier’s beaked 
whales, showing that these species 
routinely dive to mesopelagic 
depths, where they hunt for small, 
deep-water squid and fish. These 
food resources are found so deep 
that beaked whales often dive to 
more than 1000 meter depths for 
around an hour (Figure 1) routinely 
exceeding their calculated aerobic 
dive limit. They therefore return 
to the surface with a substantial 
oxygen debt that is paid off in a 
prolonged surface time that includes 
a series of shallow non-foraging 
dives (Figure 1). Recently, a tagged 
Cuvier’s beaked whale was recorded 
diving more than 3000 meters 
during a two-hour dive that is by 
far the deepest dive recorded for 
any air-breathing endotherm. How 
a mammal can hold its breath for 
so long and survive a hydrostatic 
pressure of >300 kg/cm2 is still very 
much a mystery. But a consequence 
of this deep water food source is 
that beaked whales spend <20% 
of their time foraging, which may 
explain why they are often found 
around islands and in upwelling 
areas that provide stable and dense 
patches of food resources at depth.
How do they find and catch food in 
the deep sea? The task of locating, 
approaching and catching small, 
agile prey in the cold, dark abyss 
may seem almost impossible to us 
humans. Beaked whales and other 
toothed whales have solved that 
problem by emitting ultrasonic clicks 
and listening for returning echoes 
to hunt by echolocation. When the 
first sound recording tags were 
deployed on Blainville’s beaked 
whales, we were astounded to find 
that not only could the tags record 
the emitted echolocation clicks, but 
also the echoes returning from prey, 
allowing us a unique opportunity 
to tap into the sensory stream 
of a predator hunting in the wild. 
Because of this, beaked whales 
are now among the best-studied 
animals that use echolocation to 
hunt, and they have become a very 
unlikely model for how toothed 
whales in general operate their 
sonars in the wild. Tagged whales 
emit some 3500 echolocation 
clicks to detect and approach 
about 25 prey per dive (Figure 1A). 
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When whales catch their prey, they 
accelerate the click rate to a ‘buzz’, 
as is the case for echolocating bats, 
revealing a remarkable functional 
convergence of biosonars in air 
and water. Analysis of echo data 
from two species of beaked whale 
shows that they ensonify many more 
organisms than they try to capture, 
indicating careful prey selection 
via echo information to optimize 
energy returns during intense bouts 
of foraging with durations that are 
limited by breath-hold dives.
Do they have a social life? Little is 
known about the social structure 
of beaked whales, but the smaller 
species seem to live in groups of 
females and young with a single 
mature male. The heavily scarred 
older males may be seen with 
different groups of females over 
time, suggesting that they fight 
over access to the females using 
their tusks. Females are often larger 
than males, which may relate to the 
large birth weight of beaked whale 
calves enabling them to achieve 
deep diving capabilities sooner. 
Beaked whale groups remain close 
together but, unlike in other toothed 
whales, this is not mediated by 
social calls at the surface, at least in 
the smaller species, which seem to 
keep track of one another at depth 
by eavesdropping on one another’s 
echolocation clicks. Blainville’s 
beaked whales also produce social 
sounds but these are made at 
depths below 200 meters, which 
together with long silent ascents 
from deep dives suggest a strategy 
of acoustic crypsis perhaps to 
reduce the risk of predation from 
killer whales that seldom dive 
deep. Larger species, such as the 
bottlenose and Baird’s beaked 
whales, may have a more relaxed 
crypsis, forming larger groups 
while making some sounds near the 
surface.
Why do some beaked whales strand 
when exposed to navy sonars? The 
anti-predation strategies of beaked 
whales may also explain why some 
beaked whale species are prone 
to strand in conjunction with naval 
sonar exercises. Recent playback 
studies suggest that the strandings 
happen as a result of strong 
behavioral responses that appear to 
be elicited by low level sonar pulses 
at frequencies around 3–4 kHz. 
Playbacks of killer whale calls in a 
similar frequency range also evoke 
strong flight responses, suggesting 
that the sonar pulses may trigger an 
antipredator avoidance behaviour 
with potential physiological 
consequences that may include 
decompression sickness from 
repeated dives to escape the 
perceived threat.
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Figure 1. Beaked whales above and below.
(A) Dive profile of a Blainville’s beaked whale. Echolocation clicks (yellow line) are only made during the deep foraging dive where red dots mark 
foraging buzzes. (B) Male Blainville’s beaked whale with barnacles on its large tusks. (C) Male Cuvier’s beaked whale of El Hierro in the Canary 
Islands. Both photos courtesy of University of La Laguna under permit from the Canarian government.
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What is their conservation status? 
Although mass-strandings of 
beaked whales provide a dramatic 
example of the vulnerability of 
these species to human activities, 
sonar exposure is not the only, nor 
necessarily the most important 
conservation threat to these large 
predators. Beaked whales live in 
areas that are hard to survey and 
their diving behavior precludes 
reliable visual counts, leading the 
IUCN to list most species as ‘data 
deficient’. Currently, we know next 
to nothing about how beaked whale 
populations are affected by potential 
environmental stressors, such as 
toxins, shipping noise, or bycatch in 
fisheries, nor do we know anything 
about their global population sizes.  
However, their distinctive frequency-
modulated clicks with potential 
species-specific differences now 
enable acoustic surveys to estimate 
habitat use and population sizes. 
The echolocation clicks, vital for 
their foraging, may thus also provide 
researchers with a unique window 
to study and protect some of the 
largest and most cryptic predators 
alive.
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piRNAs
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PIWI-interacting RNAs (piRNAs) are 
single-stranded, 23–36 nucleotide 
(nt) RNAs that act as guides for an 
animal-specific class of Argonaute 
proteins, the PIWI proteins. The 
first piRNAs — derived from the 
Suppressor of Stellate locus in 
Drosophila melanogaster testes — 
were discovered in 2001. Although 
the authors noted the larger size of 
those ‘rasiRNAs’ (repeat-associated 
siRNAs), piRNAs were not recognized 
until 2006 as a distinct class of small 
silencing RNAs that derive from single-
stranded, rather than double-stranded 
RNA (dsRNA), precursors. It was their 
association with PIWI, but not AGO, 
proteins and their independence 
from Dicer — the RNase III enzyme 
that cleaves dsRNAs to release small 
interfering RNAs (siRNAs) — that 
finally distinguished piRNAs from 
siRNAs. Moreover, while siRNAs are 
expressed ubiquitously, piRNAs are 
predominantly found in animal gonads 
and are thought to be indispensable 
for fertility.
piRNA classification and evolution
piRNAs can be divided into four 
classes according to their origins and 
functions. The best-studied class 
corresponds to repeat-associated 
piRNAs, which silence transposons 
in insects and mice (Figure 1). The 
second class of piRNAs originates 
from the 39 untranslated regions 
(UTRs) of messenger RNAs (mRNAs; 
Figure 1). Examples of such mRNA-
derived piRNAs include piRNAs in the 
ovarian somatic follicle cells of flies 
and in the pre-pachytene, meiotic 
spermatocytes of mice. How mRNA-
derived piRNAs are made or what 
they do is unknown. The third class, 
exemplified by pachytene piRNAs 
in the mouse testis, derives from 
intergenic long non-coding RNAs 
(lncRNAs; Figure 1). Their targets 
and functions are also elusive. 
Nonetheless, these three classes 
of piRNAs are highly conserved 
and have been found in Cnidaria 
(Nematostella vectensis) and Porifera 
(Amphimedon queenslandica). The 
final piRNA class is Caenorhabditis-
specific. Worm piRNAs — called 21U 
RNAs — cooperate with 22G siRNAs 
to repress ‘non-self’ RNA transcription 
via histone methylation.
Argonaute
Argonaute proteins lie at the center 
of all small RNA pathways. During 
animal evolution, Argonaute proteins 
have diverged into two clades: 
AGO proteins, which associate with 
microRNAs (miRNAs) and siRNAs, and 
PIWI proteins, which bind piRNAs. 
Animals typically encode multiple 
PIWI-family members: most primates 
have four PIWI genes (PIWIL1–4), mice 
(Piwil1, Piwil2, Piwil4) and flies (piwi, 
aub, ago3) have three, and worms have 
two (prg-1, prg-2). Like most Argonaute 
proteins, even those in bacteria and 
archaea, both AGO and PIWI proteins 
possess highly conserved MID, PAZ 
and PIWI domains. The MID domain 
anchors the 59 end and the PAZ 
anchors the 39 end of the small RNA 
guide. Small RNAs such as piRNAs 
are positioned in the PIWI domain 
and guide Argonautes to their targets 
through Watson–Crick base pairing. 
With enough complementarity, the 
RNaseH-like structure of the PIWI 
domain cleaves the phosphodiester 
bond between the two nucleotides 
in the target RNA that base-pair with 
the 10th and 11th nucleotides of the 
small RNA guide. The side-chains of 
conserved aspartic acid and histidine 
residues in the PIWI domain form a 
DDH catalytic triad that coordinates a 
magnesium ion proposed to activate 
a nucleophilic water molecule that 
breaks the phosphodiester bond. A 
subset of PIWI proteins, including 
Drosophila Piwi and mouse MIWI2 
(officially PIWIL4), can repress 
transposon transcription by promoting 
histone or DNA methylation. Mutation 
of the catalytic triad of these proteins 
does not impair transposon silencing, 
yet their catalytic triad has been 
conserved in evolution, implying an 
undiscovered role for slicing by these 
PIWI proteins. In worms, 21U piRNAs 
guide the PIWI protein PRG-1 to initiate 
silencing of non-self RNA transcription 
via 22G siRNAs, which enter the 
nucleus and direct methylation of 
histone H3 lysine 9 (H3K9).
Tudor proteins
The gene tudor emerged in a 
genetic screen for flies that were 
grandchildless, like its namesake, 
the English Tudor royal family. Tudor 
